Objective: The installation of EHR systems can disrupt operations at clinical practice sites, but also lead to improvements in information availability. We examined how the installation of an ambulatory EHR at OB/GYN practices and its subsequent interface with an inpatient perinatal EHR affected providers' satisfaction with the transmission of clinical information and patients' ratings of their care experience. Methods: We collected data on provider satisfaction through 4 survey rounds during the phased implementation of the EHR. Data on patient satisfaction were drawn from Press Ganey surveys issued by the healthcare network through a standard process. Using multivariable models, we determined how provider satisfaction with information transmission and patient satisfaction with their care experience changed as the EHR system allowed greater information flow between OB/GYN practices and the hospital. Results: Outpatient OB/GYN providers became more satisfied with their access to information from the inpatient perinatal triage unit once system capabilities included automatic data flow from triage back to the OB/GYN offices. Yet physicians were generally less satisfied with how the EHR affected their work processes than other clinical and non-clinical staff. Patient satisfaction dropped after initial EHR installation, and we find no evidence of increased satisfaction linked to system integration. Conclusions: Dissatisfaction of providers with an EHR system and difficulties incorporating EHR technology into patient care may negatively impact patient satisfaction. Care must be taken during EHR implementations to maintain good communication with patients while satisfying documentation requirements.
INTRODUCTION
Despite widespread belief among policy makers that electronic health records (EHRs) can improve the quality of care and patient satisfaction, research on provider and patient satisfaction with current EHR technology is mixed. 1, 2 While some providers agree that an EHR can improve care, many are concerned about its effects on their work processes and interactions with patients. [3] [4] [5] [6] [7] [8] Likewise, while some studies find that patient satisfaction improves with the use of EHRs, others conclude that patients are often unhappy with their exam room experience. [9] [10] [11] [12] [13] [14] However, researchers have not examined how the integration of EHRs located in different care settings affects provider and patient satisfaction. Such integration has been highlighted as a means of reducing information loss and duplication of care, which could mitigate some of the negative perceptions of EHRs reported in the past. 15 We study provider and patient satisfaction during the adoption of a commercial ambulatory EHR in obstetrics and gynecology (OB/ GYN) practices, and its subsequent integration with the hospital's perinatal EHR, at the Lehigh Valley Health Network (LVHN) in eastern Pennsylvania. We found in previous studies of this implementation that two-way data sharing between practice sites and the hospital increased care quality for OB patients, 16 but that the necessary changes to practice site work processes decreased productivity. 16, 17 We now examine the impact of integration on provider satisfaction with information availability and with the EHR system. We also investigate how EHR integration affects patient satisfaction with their care experience, first for the general OB/GYN patient population and then for OB patients, who directly benefit from shared information. Obstetric care is naturally fragmented because it involves multiple providers and health care resources over a period of several months, making it more likely that integration will improve care. For example, an LVHN obstetrics patient normally visits her OB/ GYN office 12 to 13 times during her pregnancy, and typically does not see the same provider at each visit. Further, approximately 10% of pregnant LVHN patients visit the hospital's perinatal triage unit during weeks 20 to 36 of their pregnancy, and about 50% visit during weeks 37 to 41 for a "labor check." Patients not admitted to the hospital after a visit to triage continue office appointments until a subsequent visit to triage results in their admission to the hospital, or until an outpatient physician directly admits them. Ideally, information indicating that a patient visited triage, and the results of tests and assessments done there, would be available to physicians during subsequent office visits. However, physicians in primary-care offices frequently lack discharge summaries from patients' hospital visits; this was true at LVHN prior to their adoption of an integrated EHR, where the transmission of obstetric patient data was costly and slow. [18] [19] [20] [21] In 2009 LVHN installed a commercial EHR at the OB/GYN practices which was subsequently integrated with the EHR system at the hospital triage unit. The new system improved information transmission, but also reduced physician productivity for a significant period of time and required changes to work processes. 16, 22 We study whether these significant changes to the provider workplace were viewed positively or negatively by physicians and both clinical and non-clinical staff at two large OB/GYN practice groups, as well as how these changes affected patients' satisfaction. Patient satisfaction survey results have received greater scrutiny in recent years, in part because Medicaid payments are now tied directly to measures of patient satisfaction under the Hospital ValueBased Purchasing Program. 23 Private insurers are also expected to increasingly tie payments to measures of quality, such as patient satisfaction, in the future. 24 
METHODS
Implementation of the EHR system at LVHN occurred in 3 stages, and we surveyed providers at 4 discrete points during the process. In contrast, patient satisfaction surveys were collected continually. See Figure 1 for descriptions and timings of the stages and for survey response counts. Note that round 1 of the provider survey received fewer responses than subsequent rounds. This is because the initial provider surveys were administered through email, whereas subsequent surveys were administered at staff meetings. We verified that respondents to the initial survey were not disproportionately from a particular group by comparing respondent characteristics in survey rounds 2-4 to the initial round (Supplementary Appendix Table A1 ).
Provider Satisfaction
The provider survey asked about both the availability of data from triage visits and the respondent's satisfaction with the EHR system, and we analyze these responses separately. Survey responses could range from 1 (disagree strongly) to 5 (agree strongly). Although the survey response categories are ordinal, we model them as a cardinal index ranging from 1 to 5 in order to increase the statistical power of our estimates. Specifically, we use a zero-truncated Poisson (ZTP) model where the condition mean of the index is specified as
When we analyze responses, Y, by the clinical staff member i in year t at OB/GYN practice sites to questions about the availability of information from triage (the questions are on Table 1 ), we specify the rate parameter in the Poisson model as:
where 3 indicator variables, 2010, 2012, and 2013, represent the year of the survey; and C is a vector of provider characteristics. The year indicators are the key variables in equation (1): 2010 t equals 1 if the response was from the second survey, 2012 t equals 1 if the response was from the third survey, and 2013 t equals 1 if the response was from the fourth survey. The provider characteristics in C include age, years of experience, years of experience at the current practice site location, whether the respondent is a physician (MD or DO), and whether the respondent works at Practice B (as opposed to Practice A). If data on characteristics are missing, we assign the sample average of the characteristic and include a variable that equals 1 to indicate that the observation has assigned values for one or more characteristics.
We next analyze responses to questions about provider satisfaction that we added to the survey over time in response to in-depth interviews with providers carried out for a matching qualitative study. 17 These questions are reported in Table 2 . We were most interested in systematic differences in the responses of physicians and non-physician clinicians, as studies of EHRs in primary care offices suggest that assessments differ according to provider type. 26, 27 We therefore modified equation (1) 
Patient Satisfaction
A representative sample of patients seen at the OB/GYN offices from January 2007 through December 2012 received a Press-Ganey survey asking them to rate their experience. Responses could range from 1 (very poor) to 5 (very good). Over 8000 surveys were returned for an approximate response rate of 25% (not all respondents answered all questions). We restricted our analysis to questions that were asked in all the surveys during the sample period, and for which we had at least 3900 responses (the questions are on Table 3 ).
Again, we analyze the response, Y; by patient i, treated at practice site k, at time t as a cardinal index ranging from 1 to 5 using the ZTP model. In this case the rate parameter is specified as:
where Unadjusted p-values are in parentheses based on standard errors that are clustered at the person-level; "family-wise" p-values are in brackets. All regressions include respondent's age, years of experience, years of experience at current practice site, whether they are a physician (MD or DO), whether the respondent works at practice 2, and an indicator for missing provider characteristics. Sample size is 108 clinical staff for all questions except for #1, which has 107 responses. ***p < .01, **p < .05, *p < .1 (based on unadjusted p-values).
variables indicating practice site and time. The Stage_1 kt indicator in equation (2) measures the impact of EHR installation relative to the pre-installation period, and the Stage 2 kt (partial EHR integration) and Stage 3 kt (full EHR integration) indicators each measure the impact of that stage of integration relative to Stage 1. We model learning by providers as a quadratic function, using the number of months since installation of the ambulatory EHR at the office the patient visited, and the number of months squared. The learning variables capture not only the impact of changes in provider facility with the EHR on patient satisfaction, but also the impact of changes in clinical practice patterns caused by providers' greater knowledge of EHR capabilities.
We include variables to control for the effects of the responding patient's age, race/ethnicity, insurance type, and prior health risk. These include categorical variables for age (less than 18, 18-34, 35-44, and over 44) race/ethnicity (white and nonwhite), insurance type (Medicaid, Medicare, private insurance, and uninsured), and a variable indicating coverage through a private or public managed care plan. The location of the patient's residence is captured by eleven indicator variables for 3-digit zip code, and variables indicating residence in New Jersey or any other state.
We generate risk scores to control for a respondent's pre-existing conditions and overall illness severity using the Diagnosis Cost Groups/Hierarchical Condition Categories (DCG/HCC) method. DCG/HCC risk scores are derived from data on patient age, sex, and physician-reported diagnosis codes (ICD-9-CM). They have been validated as a proper measure of risk adjustment in both inpatient and outpatient settings. [28] [29] [30] We calculated risk scores using diagnosis codes reported in LVHN billing databases and include variables to indicate membership in the top three quartiles of the risk score distribution. We also include a variable to indicate that a risk score could not be calculated for the patient. We include variables indicating whether the patient was making her first visit to the office, and categorical variables to measure wait times in the waiting room and in the exam room 0-10, 10-30, 30-60, or more than 60 minutes). We include wait times to control for their likely strong effects on satisfaction. However, the coefficients of these variables may capture some of the effects of the EHR system if, for example, the new system unexpectedly increased visit lengths, and wait times as a result. We therefore estimated our specifications without these variables, but obtained qualitatively similar results.
Finally, we include indicator variables for membership in the top three quartiles of the distribution of how many days it took the patient to return the survey, a variable measuring whether the survey was administered in English or Spanish, variables indicate the credentials of the care provider (medical doctor, doctor of osteopathic medicine, certified nurse midwife, certified registered nurse practitioner, registered nurse, and physician's assistant), indicator variables for the specific practice sites affiliated with practice groups A and B, and indicator variables for quarter and year.
We then re-estimated equation (2) on a subsample of OB patients, who we identified as patients whose visit occurred within 12 months before to 6 months after the delivery of a baby. Descriptive statistics for the survey responses and the independent variables for the full sample and the OB subsample are shown on Supplementary Appendix Tables A4 and A5 .
Since the ZTP is a nonlinear model, we report the marginal effects of key independent variables of interest from equations (1) and (2) . The marginal effects measure the effect of being in the measured category on the level of satisfaction, as measured by the response index. We cluster the standard errors at the respondent level for equation (1) and at the patient level for equation (2) . For all estimations we report both unadjusted p-values and "family-wise" pvalues, ie, p-values adjusted to correct for the underlying correlation between responses to related questions on the surveys.
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RESULTS
Estimation results for the provider satisfaction model are reported on Tables 1 and 2 , and estimates from the patient satisfaction model are reported on Tables 3 and 4. All tables contain unadjusted p-values in parentheses and family-wise p-values in brackets. Stars indicate significance levels with respect to the unadjusted p-values, but we confine most of our discussion to coefficients with family-wise pvalues indicating significance at least at the 10% level.
Provider Satisfaction
The results in Table 1 , where each set of reported marginal effects for survey year is from an estimation of equation (1) for the indicated question, show how perceptions of clinical staff at OB/GYN offices about the availability of information from inpatient triage visits changed as the EHR system was implemented. Information did not flow through the EHR from triage to the OB/GYN offices By 2012, however, when the triage summary was automatically sent to the ambulatory EHR, clinical providers agreed that documentation from triage visits was incorporated into the prenatal record (question #3) to a much greater extent than in 2009, and agreed that lack of information from triage visits makes it difficult to manage patients (question #6) or that potentially harmful errors were made due to lack of triage information (questions #7) to a lesser extent than in 2009. By 2013 when there was complete two-way exchange of information, clinical staff agreed that triage information is easily accessible (#2) and incorporated into the office prenatal record (#3) to a greater extent, while they agreed that lack of information about triage visits makes it difficult to manage patients (#6) or is likely to cause harm (#7) to a lesser extent. Table 2 shows how the satisfaction of physicians with the EHR differs from other clinical staff and non-clinical staff. (There were no statistically significant differences between the responses of other clinical staff and non-clinical staff.) Physicians were uniformly dissatisfied with the system and its implementation compared to other staff members.
Patient Satisfaction
Estimates of the patient satisfaction models from the combined sample of both gynecological and obstetric patients are given in Table 3 . The estimated coefficient for Stage_1 is negative for every question, and statistically significantly for 19 of the 26 questions based on the family-wise p-values. Patient satisfaction decreased with virtually all aspects of their experience. Question #20 provides a good overall summary of patient dissatisfaction after Stage 1: the extent to which patients recommend the practice to others drops by 0.1 index points, or 2.3%.
The marginal effect estimates for Stage_2, the variable indicating transmission of a triage visit summary back to the OB/GYN offices, are still almost uniformly negative, but are less precisely estimated. The additional reduction in satisfaction from Stage 2 implementation appears concentrated among the set of questions measuring interactions with the care providers (questions #1-#5, #7, and #8), although none are statistically significant based on the family-wise p-values. Finally, the marginal effects of the Stage_3 variables, while now mostly positive, are also insignificant based on the family-wise p-values, indicating no significant impact on patient satisfaction of the final stage of EHR integration relative to Stage 1.
We investigated the overall impact of the integrated EHR by calculating for each question the number of months it would take for patient satisfaction to recover to its original level given the cumulative impact of all stages of implementation plus the effects of learning. Numbers in the column titled "Recover" indicate that patient satisfaction eventually recovered to pre-EHR level for all but #24, but that the initial recovery in many cases was lost again with the implementation of stage 2, before recovering again after stage 3 (questions #1-12)-all of these questions relate to evaluating the actual care providers.
When we subset to only obstetric patients the estimates of the patient satisfaction model are qualitatively similar to those from the full sample (Table 4 ). All estimated marginal effects of the Stage 1 indicator remain negative, but many fewer are statistically significant. The exceptions are the strongly negative results for questions #23, #24, and #26, all dealing with practice administrative issues. Likewise, the marginal effect estimates for Stage_2 are still almost uniformly negative, but none are significant, while the estimated coefficients of Stage_3 are more likely to be positive but again appear to have no significant effect on obstetric patient satisfaction. Despite the lack of precision on the smaller sample, the estimates for all three stages generally increase in magnitude. Unadjusted p-values are in parentheses based on standard errors that are clustered at the patient level; "family-wise" p-values are in brackets. All regressions include control variables for patient characteristics, experiences on the day of the visit; an indicator for a missing risk score, and indicators for practice, practice site, quarter, three-digit patient zip code, and year. Satisfaction recovers, but becomes negative after 36 months. ***p < .01, **p < .05, *p < .1 (based on unadjusted p-values). Examination of the time to recover, however, reveals that while satisfaction of the OB patients with care providers recovered as or more quickly than the satisfaction of the entire sample (#2-#12), their satisfaction was slower to recover with respect to other aspects of the practices. In some cases, after an initial recovery, patient satisfaction fell again and never returned to their original levels. This occurred after stage 2 for questions #1, #21, and #24, and after stage 3 for questions #13, #20, and #23. Dissatisfaction thus appears most persistent with respect to administrative aspects of the practices.
DISCUSSION AND CONCLUSIONS
We study provider and patient satisfaction during installation of an ambulatory EHR and its subsequent integration with the inpatient EHR at the hospital's triage subunit. We find that clinical provider satisfaction with the availability of information improved following Stages 2 and 3, when information on triage visits was sent automatically to the ambulatory EHR. For example, one physician remarked during an interview: "The fact that the document [Triage Summary] shows up in an inbox is a huge plus," enabling the practice to follow up with patients after triage visits; previously, he had often not even known about a triage visit unless the patient told him. Physicians also noted that the discrete triage data going into the office flow sheet improved their next interaction with that patient.
Yet physicians in particular were the most dissatisfied with the EHR, as the benefits of better information did not compensate for the negative effects of the system on their work. Physicians had new documentation requirements and reported navigation difficulties, while other clinical staff more quickly found efficiency improvements through shared information, such as lab results. 17 This result is consistent with prior research that finds physicians are unhappy with the changes in work processes and reduced productivity caused by EHR implementation.
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Patients were also unhappy; their satisfaction with almost all aspects of office visits decreased after installation of the ambulatory EHR, and, while further reductions in satisfaction occurring in subsequent stages of EHR implementation were smaller and often not statistically significant, it is striking that we find not a single positive and significant marginal effect of full two-way integration (Stage 3) in Table 3 . Rather, recovery in patient satisfaction to pre-EHR installation levels, where it occurred, was driven by providers learning how to better use the new system.
The link between physician and patient dissatisfaction is consistent with research showing that provider job satisfaction influences interpersonal relationships with patients and their satisfaction with care. [33] [34] [35] [36] [37] This suggests that the negative reactions of both physicians and patients that we find may indicate that the dissatisfaction of providers with the new system, and its initial disruption to office operations, may have in turn increased patient dissatisfaction. In particular, our qualitative research suggests that problems initially surfaced with patient flow. For example, difficulties completing new documentation requirements sometimes slowed patient exit after appointments, or led to follow-up patient phone calls that may have caused the patient dissatisfaction we find, particularly with administrative aspects of the practice. Patients' satisfaction may also have been negatively influenced by their interactions with dissatisfied physicians, which is consistent with prior studies that find a positive correlation between physician and patient satisfaction. [38] [39] [40] [41] As one physician noted, "The one place you can never take the frustration is into the exam room, and it's a challenge to do that on some days." Providers who brought the computer into the exam room were concerned with how it detracted from patient interactions. One physician remarked "it's a very different doctor-patient interaction when I try to have the computer in front of me . . . I usually start off by saying "I apologize for the computer." Other studies have likewise noted that EHR systems can harm physician-patient communication by inhibiting eye contact and serving as a distraction. 13, 42, 43 Those providers who chose instead to leave the computer outside the exam room were concerned about loss of patient interaction time because they had to review records before seeing the patient and then complete additional documentation after the visit. Prior research has also shown that healthcare workers' satisfaction with the time that they have to accomplish their assigned tasks has the greatest effect upon patient satisfaction. 44 Complete integration of the ambulatory EHR with the inpatient EHR and greater provider experience with the system did not, in itself, reverse the negative impact on patient satisfaction, possibly because the majority of patients (GYN) did not benefit from the integration with the hospital, but only perceived the disruptions and changes in work processes that caused physician dissatisfaction. The more negative reaction of the subsample of obstetrics patients, who were most likely to benefit from access to shared information in multiple sites, however, was confined to practice administration. Yet although the satisfaction of these patients with their care providers recovered a little more quickly than did that of the entire sample, they remained more dissatisfied with other aspects of their care experience.
These findings may seem paradoxical given that prior studies of this EHR implementation found that full EHR integration, and the transmission of specific clinical data across care settings, reduced adverse birth outcomes. 16, 22 One explanation is that the benefits of integration mainly apply to birth events, whereas in this study we measure patient satisfaction with outpatient OB/GYN visits. The disconnect between improvements in objective measures of birth outcomes and lower patient satisfaction with outpatient care is also related to the notion that specific practices in healthcare can have positive effects on one outcome category while, at the same time, having negative effects on other outcomes. 45 Our study has limitations that should be noted. First, we survey OB/GYN providers and patients at one healthcare system, and our results may not be generalizable to other EHR implementations. Second, we could not account for learning effects in our provider satisfaction models given that we only surveyed providers four times. Nonetheless, the average responses to questions #9 -#15 by physicians were less favorable following Stage 3 than during Stage 2, which suggests that learning did little to improve physician satisfaction. Finally, our analysis of patient satisfaction draws on surveys with a low response rate.
Despite these limitations, our results clearly indicate that the negative experience of providers with EHRs, and the challenges of incorporating EHR technology into patient care, can adversely impact patient satisfaction with the care they receive. One way to limit this negative impact on patients would be to train non-clinical staff in strategies to improve communication with patients about administrative matters during EHR transitions. Further, our results reinforce calls made by others for more thought and training on integrating computers with face-to-face interactions. 42, 43, 13 However, the fact that the benefits of integration were not enough to compensate for the negative impacts of the EHR on physicians suggests that healthcare systems may need to better protect physicians from the negative consequences of EHR adoption. This may include budgetary adjustments for EHR-related productivity shocks, and additional training and help in maintaining good verbal and nonverbal communication with patients while concurrently fulfilling EHR documentation requirements. 7, 16 Despite the difficulty physicians had adjusting to the EHR system, they did acknowledge the resulting improvement in information transmission and its potential to improve patient care. Consequently, the impact of the EHR on both provider and patient satisfaction over a longer time period than considered in this study could be more positive.
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